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PREFACE 

This report has been prepared as Supplement 4 t o  t h e  Apollo 9 Mission 
Report (MSC-PA-R-69-2). This repor t  provides addi t iona l  i n  depth analy- 
s i s  beyond t h e  scope of t h e  normal da t a  contained i n  t h e  bas i c  mission 
r epor t .  
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PERFORMANCE OF THE CSM RCS DURING THE 

AS-504/SC-104/LM-3 MISSION (APOLLO 9 )  

By W. Nelson Lingle, Lonnie W. Jenkins ,  
and Ju l ian  Jones 

SUMMARY 

Y 

The Apollo 9 vehic le  w a s  launched from Kennedy Space Center (KSC)  
launch complex 39A at 16:00:00.7 Greenwich mean time ( G . m . t . 1  on 
March 3,  1969. The spacecraf t  landed i n  t h e  At l an t i c  recovery area a t  
17:00:54 G . m . t .  on March 13, 1969. 

The serv ice  module (SM) and the command module (CM) reac t ion  control  
system (RCS) performed s a t i s f a c t o r i l y  throughout t h e  mission. 
anomaly which occurred was an inadvertent i s o l a t i o n  valve closure during 
cammand and serv ice  module/lunar module Saturn S-IVB (CSM/IM S-IVB) 
separat ion.  The valves were l a t e r  opened by t h e  crew and remained open 
during t h e  remainder of t h e  mission. The cause f o r  t h e  valve closure 
has been determined t o  be t h e  shock from t h e  CSM/SLA separat ion pyro- 
technic  devices. 

The only 

The SM and CM RCS f u e l  loading w a s  performed on February 4 ,  1969, 
Approximately and oxidizer  loading w a s  performed on February 8, 1969. 

18 pounds of ox id izer  (9 pounds per system) were off-loaded from t h e  
CM RCS. 
and risers during t h e  propel lant  dump operation. Helium servicing of 
both SM and CM RCS w a s  performed on February 24, 1969. 
a helium leak was detected at t h e  high-pressure helium pressure t rans-  
ducer i n  quad C. 
propel lant  and t h e  transducer seal replaced. No launch schedule s l i p  
w a s  required.  S t a t i c - f i r i n g  of the SM RCS engines on t h e  pad w a s  not 
performed. 

This w a s  t o  prevent r a w  oxidizer from contacting t h e  parachutes 

P r i o r  t o  launch, 

The quad door was opened without deservicing t h e  

The SM RCS helium pressurizat ion system maintained t h e  helium and 
propel lant  manifold pressures  constant at  180 f 6 ps ia .  No helium o r  
propel lant  leakage w a s  detected fram t h e  SM RCS during t h e  f l i g h t .  

Evaluation of spacecraf t  (SC) body r a t e s  indicated normal RCS 
performance throughout t h e  f l i g h t .  
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A t o t a l  of 790 pounds of SM RCS propellant w a s  used during t h e  
mission. The predicted usage, as corrected f o r  f l i g h t  plan changes, 
w a s  598 pounds. Most of t h e  discrepancy between a c t u a l  and predicted 
usage came while t h e  quad C propellant i s o l a t i o n  valves were closed and 
during t h e  undocked LM-active period. The secondary f u e l  tank helium 
i s o l a t i o n  valves (VW valves) on a l l  quads were opened p r i o r  t o  CM-SM 
separation although an empty primary tank had not been indicated by a 
drop i n  the  f u e l  manifold pressure.  

An estimate f o r  t h e  t o t a l  number of f i r i n g s  f o r  t h e  16 SM RCS 
engines i s  57 000. 

Thermal cont ro l  of t h e  SM RCS w a s  s a t i s f ac to ry  throughout t h e  f l i g h t .  
The m a x i m u m  temperature reached due t o  boost heating w a s  145' F on quad D. 
The primary hea ters  on a l l  quads were ac t iva ted  shor t ly  a f t e r  o r b i t  inser -  
t i o n  and remained on f o r  t h e  remainder of t h e  mission. A t  3:07:00 ground 
elapsed time ( g . e . t . ) ,  during t h e  period t h a t  t h e  quad C i s o l a t i o n  valves 
were closed, t h e  quad A package temperature reached 209' F. However, 
during times of low engine a c t i v i t y ,  t h e  primary hea ters  maintained t h e  
package temperature between 117' and 141' F. 
temperatures ranged from 49' t o  82' F. 

The SM RCS helium tank 

Both manual and automatic cont ro l  were used during entry.  Approx- 
imately 12 seconds a f t e r  CM-SM separa t ion ,  system 2 w a s  deactivated and 
t h e  remainder of t h e  en t ry  w a s  performed using system 1 only. Evaluation 
of t h e  spacecraft body rates indica tes  noma1 CM RCS performance. 

A t o t a l  of 27.5 pounds of CM RCS propel lan t  w a s  used f o r  en t ry  
(27 pounds from system 1 and 0.5 pound from system 2 ) .  
217.5 pounds were burned through t h e  engines during t h e  depletion burn 
following main parachute deployment. 
240:56:26 g .e . t .  and t h e  helium system blowdown and propel lan t  l i n e  purge 
w a s  i n i t i a t e d  at 240:57:36. 
a t  240:58:17. 

The remaining 

The depletion burn s t a r t e d  a t  

The propel lan t  i s o l a t i o n  valves were closed 

The CM RCS helium tank temperatures remained between 54' and 74' F 
The temperature of t h e  instrumented CM RCS p r i o r  t o  system ac t iva t ion .  

i n j ec to r s  w a s  approximately 50' F o r  higher at a l l  t i m e s  and t h e  CM 
valve warmup procedure w a s  not required. 
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INTRODUCTION 

Apollo 9 w a s  t h e  t h i r d  manned Apollo mission, t h e  second manned 
Saturn V mission, and t h e  f i r s t  manned LM mission. Lift-off occurred at 
16:00:00.7 G . m . t .  on March 3, 1969, and t h e  mission duration w a s  approx- 
imately 241 hours. 
17:00:54 G . m . t .  on March 13, 1969. 
commander; David Scot t  , command module p i l o t  ; m d  Russell Schveickart , 
l una r  module p i l o t .  

The spacecraft  landed i n  t h e  At l an t i c  a t  
The crew consisted of James McDivitt, 

This w a s  designated as a D-type mission. The primary purpose w a s  

The major spacecraft  events during t h e  mission a r e  l i s t ed  
t o  evaluate t h e  LM systems performance and t o  perform se l ec t ed  CSM/LM 
operations.  
i n  t h e  following s i x  periods of a c t i v i t y :  

1. Launch, pre-translunar i n j ec t ion  ( T L I )  procedure exerc ise ,  
t r anspos i t i on  and docking, CSM/LM ejec t ion ,  docked serv ice  propulsion 
system (SPS) burn, S-IVB unmanned r e s t a r t  

-2. Three docked SPS burns 

3. Lunar module systems evaluation, docked descent propulsion 
system (DPS) burn, docked SPS burn 

4. Extravehicular a c t i v i t y  (EVA) 

5 .  Lunar-module-active rendezvous, unmanned ascent propulsion 
system ( A P S )  long-duration burn t o  depletion 

6. Command and service module solo a c t i v i t i e s  including two SPS 
orbit-shaping burns, a deorb i t  burn, and At l an t i c  landing 

Various d e t a i l e d  t e s t  objectives (DTO's) were defined f o r  t h e  CSM 
RCS. 
SPD8-R-005, Revision 1, Change A ,  dated January 21, 1969. 
DTO's  were as follows: 

These are covered i n  de ta i l  i n  t h e  Mission Requirements Document, 
Br i e f ly ,  t hese  

1. s1.26 Orbi ta l  NavigatiodLandmark Tracking -Determine SM RCS 
propel lan t  consumption. 

2. S7.29 Exhaust Effects/CSM - Obtain data on t h e  e f f e c t s  of t h e  
tower j e t t i s o n  motor, S-I1 r e t r o ,  and SM RCS exhaust on t h e  CSM. 

3. M17.17 LM Environmental and Propulsion Thermal Ef fec ts  -Ver i fy  
performance of LM passive thermal design when exposed t o  n a t u r a l  and 
propulsion-induced environments. 
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4. P20.24 CSM Active Docking -Demonstrate CSM docking with 
S-Ik€l/SLA/LM and determine S M  RCS propel lan t  consumption. 

5. P20.25 LM Ejection from SLA -Demonstrate CSM/LM e jec t ion  from 
t h e  SLA using t h e  SM RCS. 

6. ~ 2 0 . 2 6  LM/CSM Undocking -Demonstrate LM/CSM undocking using 
SM RCS and compute CSM acce lera t ions  and SM RCS propellant consumption. 

7. P2O.29 LM J e t t i s o n  -Perform a pyrotechnic separa t ion  of t h e  
LM and CSM and compute CSM acce lera t ion  and SM RCS propellant consumption. 

SERVICE MODULE RCS FLIGHT PERFORMANCE 

System Configuration 

A schematic of t h e  SC 104 SM RCS is  shown i n  f igu re  1, and a view 
of t h e  helium pressur iza t ion  and propellant system on t h e  i n t e r i o r  s ide  
of quad panels B and D i s  shown i n  f igu re  2. Quads A and C a r e  mirror 
images of quads B and D. The r e l a t i v e  loca t ions  of t h e  quads within t h e  
SM a re  shown i n  f igu res  3 ( a ) ,  3 ( b ) ,  3 ( c ) ,  and 3 ( d ) .  
engine package is  shown i n  f igu re  4 and a cross sec t ion  of t h e  engine i s  
shown i n  f igure  5.  

The SM RCS quad 

The only difference between t h e  SC 103 and SC 104 RCS w a s  t h e  addi- 
t i o n - o f  an i s o l a t i o n  valve i n  t h e  helium l i n e  t o  t h e  secondary f u e l  tanks 
on t h e  SM quads. The purpose of t h i s  normally closed valve i s  t o  deter-  
mine when t h e  primary f i e 1  tank i s  empty by a pressure decay i n  t h e  f u e l  
manifold pressure. When t h i s  occurs, t h e  i s o l a t i o n  valve ( W  valve) i s  
manually opened. This allows t h e  propellant-remaining ca lcu la t ion  t o  be 
updated t o  include t h e  known volume of t h e  secondary rue1 tank, thereby 
increasing t h e  accuracy of t h e  measurement. 

A summary of vehic le  changes from SC 1 0 1 t o  SC 108 i s  presented i n  
t a b l e  I. 

Instrument a t  ion 

The SC 104 SM RCS instrumentation l i s t  i s  shown i n  t a b l e  11. In- 
strumentation loca t ions  are shown i n  f igures  1, 2, 3, and 4. 
helium tank pressure transducer,  SR-5002, w a s  e r r a t i c  f o r  t h e  duration 
of t h e  mission. 
250 p s i  and then re turn  t o  normal. 
day. No cause f o r  t he  e r r a t i c  readings has been determined. 

The quad B 

The output of t h i s  transducer would jump approximately 
This occurred about t h r e e  times per 
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Caution and Warning System 

The SC 104 SM RCS caution and warning (CW) switch l i m i t s  and red- 
l i n e s  a r e  shown i n  t a b l e  111. 
CW l i m i t  of 206O F w a s  reached during t h e  t r anspos i t i on  and docking 
per iod when t h e  quad C i s o l a t i o n  valves were closed. 
of 210’ F was not reached. 

The nominal quad A package temperature 

The r ed l ine  l i m i t  

Prelaunch Act iv i ty  

The SM RCS f u e l  (MMH) w a s  loaded on February 4, 1969, and t h e  
oxidizer  (N204) w a s  loaded on February 8,  1969. Helium servicing of t h e  

SM quads w a s  accomplished on February 24, 1969. A de ta i l ed  breakdown of 
propel lant  and helium servicing i s  shown i n  t a b l e  IV. 
a l eak  w a s  detected a t  t h e  quad C high-pressure helium manifold pressure 
transducer.  
s e a l  on t h e  t ransducer  replaced. The work was  accomplished during a 

‘ b u i l t - i n  hold i n  t h e  countdown and d id  not requi re  a launch schedule 
s l i p .  

P r io r  t o  launch; 

The quad door w a s  opened without being deserviced and t h e  

The leakage d id  not reoccur during t h e  mission. 

The SM RCS w a s  not s t a t i c - f i r e d  on t h e  launch pad. 

F l igh t  Time Line 

A l i s t i n g  of t h e  t i m e s  of major SM RCS events and a c t i v i t i e s  of 
i n t e r e s t  during the  mission i s  given i n  t a b l e  V. 
da t a ,  severa l  of t h e  times are approximate. Most of t hese  maneuvers 
were done during times t h a t  only low-bit-rate data were ava i lab le .  

Because of a lack of 

Propulsion Performance 

Table VI sKows the  ve loc i ty  change obtained from severa l  SM RCS 
t r a n s l a t i o n  maneuvers. The veloci ty  change w a s  calculated by summing 
t h e  impulse of t h e  four  +x t r ans l a t ion  engines and then subtract ing t h e  
summed impulse of t h e  -x t r ans l a t ion  engines which were required f o r  
a t t i t u d e  cont ro l  during t h e  t r ans l a t ion .  Engine on times obtained from 
t h e  b i l e v e l  da ta  and the  acceptance t e s t  values f o r  t h e  RCS engine 
t h r u s t s  were used f o r  t h i s  calculat ion.  These da t a  are compared with 
t h e  measured ve loc i ty  changes as calculated from t h e  SC accelerometer 
(PIPA) data i n  t a b l e  VI. 
a l so  shown i n  t a b l e  VI. 

The control mode used for t he  maneuvers i s  
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Table V I 1  i d e n t i f i e s  t he  accelerat ions achieved during various RCS 
maneuvers. Angular accelerat ions during t r a n s l a t i o n a l  maneuvers and 
along the  minor axes during r o t a t i o n a l  maneuvers can be a t t r i b u t e d  t o  
center-of-gravity of fse t  and force vector  cross coupling. The difference 
i n  accelerations during r o t a t i o n a l  maneuvers with i d e n t i c a l  vehicle  
masses can be a t t r i b u t e d  t o  propel lant  s losh.  The magnitude of t he  p i t ch  
accelerations during +pi tch maneuvers w a s  cons is ten t ly  higher than those 
during the  -pi tch maneuvers f o r  approximately i d e n t i c a l  vehic le  masses. 
This i s  caused by the  loca t ion  of the  CSM umbilical  d i r e c t l y  above the  
-x/-P engine of quad C ( f i g .  6), which r e su l t ed  i n  an e f f e c t i v e  force 
reduction of approximately 20 percent.  This 20 percent i s  based on 
theo re t i ca l  calculated values as wel l  as the  r a t e  data. A l l  o ther  
accelerations ind ica te  nominal performance by a l l  16 SM RCS engines 
throughout t h e  mission. 

Helium Pressur iza t ion  System 

The SM RCS helium pressur iza t ion  systems for t h e  four quads func- 
t ioned normally throughout t h e  f l i g h t .  Following helium serv ic ing  and 
p r i o r  t o  the f i r s t  SM RCS engine f i r i n g s ,  t h e  regula tors  maintained 
lockup of approximately 195 p s i a ,  approximately 1 5  p s i  higher than t h e  
spec i f ica t ion  value f o r  lockup pressure.  This i s  because t h e  regula tors  
are referenced t o  atmospheric pressure while on t h e  pad as opposed t o  
t h e  vacuum of deep space. A t  f i r s t  SM RCS usage, during CSM/S-IVB/LM 
separation, t h e  manifold pressures decreased t o  normal regulated pres- 
sures  and remained constant a t  180 ? 6 p s i a  f o r  t h e  durat ion of t h e  
f l i g h t .  
during the f l i g h t  a r e  shown i n  f igures  7 and 8. 
f o r  selected SM helium system components a re  shown i n  t a b l e  V I I I .  

Helium source temperatures and pressures  f o r  t h e  four quads 
P re f l igh t  checkout da ta  

Propel lant  Feed System 

With t h e  exception of one anomaly, t h e  SM RCS propel lant  feed 
system functioned normally throughout t h e  mission and no ind ica t ion  of 
propellant leakage w a s  noted. 
t h e  S-IVB/LM, t h e  primary and secondary propel lant  i s o l a t i o n  valves on 
quad C and t h e  secondary propel lant  i so l a t ion  valves on quad D were 
found t o  be i n  the closed pos i t ion .  
CSM/S-IVB/LM docking and remained open f o r  t he  duration of t h e  mission. 

During t ranspos i t ion  and docking with 

The valves were opened p r i o r  t o  



Opening of t h e  helium i so la t ion  valves (VW valves) i n  t h e  pres- 
su r i za t ion  l i n e  t o  t h e  secondary propellant tanks w a s  intended t o  take  
place when t h e  f u e l  manifold pressure decreased from 180 t o  150 ps ia .  
However, t h i s  d id  not occur s ince  s u f f i c i e n t  propel lan t  was not consumed 
t o  deple te  t h e  primary fuel tank  i n  e i t h e r  of t h e  four  quads. All four  
VW valves were opened approximately 3 hours p r i o r  t o  CM-SM separa t ion  t o  
assure t h a t  propel lan t  would be available f o r  t h e  SM j e t t i s o n  maneuver. 

Engines 

A l l  performance d a t a  ind ica t e  proper engine performance during t h e  
mission. Due t o  a lack of complete data coverage, it is impossible t o  
determine t h e  exact values f o r  t o t a l  engine burn t i m e  and t o t a l  number 
of pu lses .  However, a rough estimate based on t h e  weight of propel lan t  
consumed i s  2000 seconds t o t a l  burn t i m e  and 57 000 t o t a l  pu lses .  This 
does not include t h e  SM j e t t i s o n  burn s ince  propellant consumption data 
are not ava i l ab le  after separation. 

Thermal Control 

The SM RCS thermal cont ro l  system (TCS) performed s a t i s f a c t o r i l y  
throughout t h e  mission. 
given i n  t a b l e  I X ,  and system checkout data a re  shown i n  t a b l e  X. 

The TCS operational parameters f o r  SC 104 a re  

The spacecraft  w a s  launched with t h e  engine package hea ters  "off" 
on all four  quads. 
at approximately 00:15:00 g . e . t . ,  shor t ly  a f t e r  o r b i t  i n se r t ion .  
m a x i m u m  quad package temperature a t ta ined  as a r e s u l t  of boost heating 
w a s  145' F on quad D ,  as shown i n  f igure 9 (a ) .  The Apollo 9 launch 
t r a j e c t o r y  i s  shown i n  f igure  10.  

The primary heater system on each quad w a s  ac t iva ted  
The 

The ac t iva t ion  of t h e  primary heaters on quads A and C can be seen 
i n  f igu re  9 ( b )  as a sudden discontinuity i n  t h e  temperature-time p l o t  
at approximately 00:15:00 g.e . t .  The primary hea te r s  of quads B and D 
d id  not come on at t h i s  t i m e  because t h e  primary hea te r  thermostats on 
quads B and D are loca ted  near t h e  upfiring (-X) engine. 
heat input t o  t h e  engine package from launch i s  primarily through t h e  
up f i r ing  and two roll engines. Therefore, t h e  thermostats on quads B 
and D w e r e  warmer than the  temperature ind ica ted  on t h e  quad package 
temperature sensor. The thermostats were evidently warm enough t o  pre- 
vent hea te r  operation when t h e  switches were placed i n  t h e  "primary" 
pos i t ion .  Conversely, t h e  primary thermostats on quads A and C ,  which 
are loca ted  near t h e  downfiring (-XI engines, w e r e  cooler than ind ica ted  
by t h e  package temperature sensors ,  and d id  not reach a temperature a t  
which 'they would open. The hea ters  on quads A and C y  t he re fo re ,  came on 
when t h e  switches were placed i n  t h e  "primary" pos i t ion .  

The aerodynamic 
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Dur ing  t h e  t r anspos i t i on  and docking period, while t h e  quad C 
i s o l a t i o n  valves were closed, t h e  four package temperatures reached 
l e v e l s  of 209' , 196O , 173O , and 1 8 6 O  F ,  respec t ive ly .  
quad A was s u f f i c i e n t  t o  t r i g g e r  t h e  caution and warning switch although 
it w a s  not above t h e  210' F red l ine .  
r e s u l t e d  from t h e  f a c t  t h a t  l e f t  t r a n s l a t i o n  w a s  being requested with 
quad C unable t o  provide impulse because of t h e  closed i s o l a t i o n  valves.  
This resu l ted  i n  counterclockwise roll which caused t h e  cont ro l  system 
t o  cor rec t  by f i r i n g  clockwise r o l l .  This means t h a t  opposing r o l l  
t h r u s t e r s  on quad A would f i r e  and cause t h e  temperature t o  increase.  
The temperature p r o f i l e  during t h i s  period i s  shown i n  f igu res  9 ( a )  
and 9 b ) .  

The 209' F on 

The high temperature on quad A 

During t h e  remainder of t h e  mission t h e  TCS operated normally, and 
except f o r  periods of high engine a c t i v i t y ,  t h e  hea ters  cycled normally 
between 117' and 141' F. A comparison of t h e  primary thermostat switch- 
ing  l i m i t s  observed during t h e  f l i g h t  with p r e f l i g h t  checkout data i s  
shown i n  t ab le  X I .  Typical SM RCS TCS cycling data a re  shown i n  
f igures  g ( a )  and g ( b ) .  
cycling information i s  not ava i lab le .  

Due t o  a lack o f  complete data coverage, de t a i l ed  

The SM RCS helium tank temperatures a re  shown i n  f igu re  8. The 
temperatures ranged from 4 9 O  t o  8 2 O  F,  primarily depending on vehicle 
or ien ta t ion .  The helium tanks f o r  quads C and D were cons i s t en t ly  
warmer than those  f o r  quads A and B due t o  t h e  f ie1  c e l l  heat from t h e  
adjacent SM bay. Fuel c e l l  loca t ions  can be seen i n  f igu re  3. 

Propellant U t i l i z a t i o n  and Quantity Gaging 

The t o t a l  p rope l lan t  consumption and t h e  pred ic ted  consumption as 
adjusted for f l i g h t  plan changes a re  shown i n  f i g u r e  l l ( a ) .  
t ranspos i t ion  and docking maneuvers, while quad C w a s  i s o l a t e d ,  t h e  
a c t u a l  usage exceeded t h e  predicted usage by approximately 50 pounds. 
Also, during t h e  undocked LM-active period between 92 and 99 hours 
g .e . t . ,  approximately 115 pounds were expended above t h e  pred ic ted  value. 
A t  t h e  end o f  t h e  mission, t h e  ac tua l  usage exceeded t h e  predicted usage 
by approximately 140 pounds. 

During t h e  

The propellant usage f o r  each quad i s  shown i n  f igu re  l l ( b ) .  The 
maximum mismatch i n  propel lan t  expended between t h e  quads w a s  maintained 
within 35 pounds by s e l e c t i v e l y  varying combinations of one-, two-, and 
four - je t  roll maneuvers and two- and four - je t  t r a n s l a t i o n  maneuvers. 
This w a s  also done i n  an attempt t o  keep t h e  quads above t h e  stabil iza- 
t i o n  and control system (SCS) deorb i t  r ed l ines .  Late i n  t h e  mission 
quads A and C were s l i g h t l y  below t h i s  r ed l ine ,  so  t h e  las t  t h r e e  u l l age  
burns were two- j e t  quads B and D maneuvers. 
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The SM RCS propel lant  quantity was determined by two methods during 
t h e  f l i g h t .  The PVT ground computer program u t i l i z e d  pressure,  volume, 
and temperature considerations and w a s  ava i lab le  only on t h e  ground. 
The P/T sensor,  which gives propellant quant i ty  as a f'unction of helium 
tank pressure and temperature, was displayed i n  t h e  vehicle  i n  terms of 
percent full sca l e  of a 0 t o  5 voltmeter, as wel l  as being telemetered. 

The PVT program w a s  assumed t o  be the  correct  value f o r  propel lant  
eqeaded .  
instrumentation inaccuracies of the inputs t o  t h e  program , oxidizer- 
to-fuel  (O/F) r a t i o  s h f f t ,  and the  d i f f e r e n t i a l  between helium tank and 
propel lant  ul lage temperatures. 
designed t o  read 100 percent when the helium tank pressure was 4150 p s i a  
at 70' F and 0 percent when the pressure w a s  2250 p s i a  a t  70' F. 
cor rec t  t h e o r e t i c a l  value of  helium tank pressure at propel lant  depletion 
i s  2450 p s i a  a t  65' F. 
point  e r r o r ,  as wel l  as fo r  compressibility e f f e c t s ,  system temperature 
v a r i a b i l i t y ,  and propel lant  vapor pressure e f f e c t s ,  t h e  nomogram shown 
i n  f igure  12  was used. 
propel lant  expended as derived from t h e  PVT program as wel l  as  fram t h e  
corrected P/T sensor readings. 
t h e  usable propel lant  remaining as derived from t h e  PVT program, uncor- 
r ec t ed  P/T sensor,  and corrected P/T sensor. The va r i a t ion  between PVT 
and P/T readings i s  given f o r  seven random times during t h e  mission. 

The quoted accuracy o f t h i s  program i s  +6 percent due t o  

The output of t h e  P/T sensor was 

The 

To correct  t h e  P/T sensor readings f o r  t h i s  end- 

Figure ll(b) shows t h e  r e l a t i o n  between t h e  

Table X I 1  shows the  r e l a t ions  between 

COMMAND MODULE RCS FLIGHT PERFORMANCE 

System Configuration 

A schematic of t h e  SC 104 CM RCS i s  shown i n  figure 13. This sys- 
tem differs from t h e  SC 101 and SC 103 configurations only i n  t he  loca- 
t i o n  of the  low-pressure helium manifold pressure transducer. The 
loca t ion  w a s  changed from downstream of the  check valves i n  both t h e  
f u e l  and oxidizer  manifolds t o  upstream of t h e  check valves. This 
negates t h e  p o s s i b i l i t y  of determining which propel lant  was depleted 
first during the  depletion burn since t h e  transducer i s  now i n  t h e  com- 
mon manifold between the  two tanks and the  regulators .  

A t y p i c a l  CM RCS engine i s  shown i n  f igure  1 4 .  

Instrument at ion 

The SC 104 CM RCS instrumentation l i s t  i s  shown in  t a b l e  X I I I .  
Instrumentation locat ions are shown i n  f igures  13 and 1 4 .  
instrumentation anomalies occurred during the  Apollo 9 mission. 

No CM RCS 
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Caution and Waiming System 

The SC 104 CM RCS caution and warning swi t ch . l imi t s  are shown i n  
t a b l e  X I V .  None of these l i m i t s  were reached during the  mission. 

P re f l igh t  Act iv i ty  

The CM RCS f u e l  (MMH) w a s  loaded on February 4 ,  1969, and t h e  
A t o t a l  of CM RCS oxidizer (N204) w a s  loaded on February 8,  1969. 

245.0 pounds of propel lants  w a s  loaded i n  t h e  two systems. 
i c ing  of the CM RCS w a s  accomplished on February 24, 1969. 
breakdown of propel lant  and helium servicing pe r  system i s  shown i n  
t a b l e  X V .  

H e l i u m  serv- 
A de ta i l ed  

Approximately 9 pounds of oxidizer  were off-loaded from each CM RCS 
system t o  prevent r a w  oxidizer  from contacting t h e  parachutes and r i s e r s  
during t h e  propel lant  depletion burn operation following entry.  No 
systems leakage w a s  observed p r i o r  t o  launch. 

Fl ight  Time Line 

A l i s t i n g  of the  times of major CM RCS events and a c t i v i t i e s  of 
i n t e r e s t  during the  mission i s  given i n  t a b l e  XVI. 

Propulsion Performance 

Table XVII l i s t s  t he  measurable accelerat ions f o r  a l l  s ign i f i can t  
maneuvers fo r  which da ta  are ava i lab le  p r i o r  t o  t h e  400 000-foot alti- 
tude leve l .  I n  t h i s  t a b l e ,  t he  measured accelerat ions a re  compared 
with t h e  theo re t i ca l  r a t e s .  This comparison ind ica tes  nominal CM RCS 
performance. 

Both manual and automatic control  were used during entry.  Both 
systems were ac t ive  a t  CM-SM separat ion;  however, system 2 w a s  deact i -  
vated approximately 1 5  seconds l a t e r  a t  240:36:18.3 g .e . t .  
of t he  entry w a s  made using system 1 only. 

The remainder 

Helium Pressurizat ion System 

The CM RCS pressur iza t ion  system functioned normally throughout 
t h e  f l i g h t .  The system temperatures and pressures  from launch through 
system act ivat ion a re  shown i n  f igure  15.  Throughout t h i s  time period 
the  helium manifold pressures remained e s s e n t i a l l y  constant ,  ind ica t ing  
no system leakage. 
47 t o  49 p i a  and system 2 from 45 t o  46 ps i a .  

The system 1 helium manifold pressure ranged from 
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A 

The CM RCS systems were activated at 239: 59:42.5 g . e . t .  , approxi- 
The helium i s o l a t i o n  squib mately 36 minutes before CM-SM separation. 

valves operated normally at system ac t iva t ion .  The helium tank pressure 
and temperature a t  ac t iva t ion  a re  shown i n  f igure  16. The i n i t i a l  helium 
tank pressure drop a t  system act ivat ion f o r  system 1 was  approximately 
845 p s i a  and f o r  system 2 w a s  800 p s i a .  
t h e  s t a b l e  pressure decrease f o r  systems 1 and 2 was  630 p s i a  and 
640 p s i a ,  respect ively.  
a t  ac t iva t ion .  

A f t e r  thermal s t a b i l i z a t i o n  

The r e l i e f  valve burs t  d i scs  were not ruptured 

A t  system act ivat ion t h e  f u e l  and oxidizer tank pressures  f o r  both 
systems locked up at 295 k 2 p s i a  and t h e  regulators  maintained t h i s  
pressure range through t h e  ac t ive  f i r i n g  port ion of t h e  entry.  

The CM RCS helium source pressures and temperatures from CM-SM 
separat ion through landing are shown i n  f igures  17(a) and 17(b ) .  
helium source pressures during t h e  propellant depletion burn and helium 
purge operations are  shown i n  figure 18. 
ing propel lant  depletion burn and helium purge are  shown i n  f igu re  19. 
No CM RCS helium system leakage was noted following systems ac t iva t ion .  
Selected p re f l igh t  checkout da ta  f o r  CM RCS helium pressur iza t ion  system 
components a r e  shown i n  t a b l e  XVIII. 

The 

H e l i u m  manifold pressures dur- 

Propellant System 

The propel lant  system f'unctioned normally throughout t he  f l i g h t .  
N o  propel lant  leakage w a s  noted at any period. The propel lant  i s o l a t i o n  
valves were opened p r i o r  t o  systems ac t iva t ion .  
of t h e  low-pressure helium manifold pressure t ransducers ,  it was not 
possible  t o  determine which propellant w a s  depleted f i r s t  during t h e  
deplet ion burn. However, t h e  onboard movies ind ica te  a s m a l l  amount of 
free oxidizer  around t h e  SC during the general  t i m e  period of t h e  deple- 
t i o n  burn. Also, severa l  parachute suspension l i n e s  recovered a f t e r  
t h e  landing indicated t h a t  they had been s l i g h t l y  damaged by what could 
have been CM RCS oxidizer.  The oxidizer could possibly have been 
released during the  purge of the  propellant manifold l i n e s  and i s  
not considered t o  be a ser ious problem. 

Due t o  t h e  re loca t ion  

"he CM RCS propellant i so l a t ion  valves were closed at 
240:58:17 g .e . t . ,  approximately 3 minutes p r i o r  t o  landing. 

Engines 

A l l  da ta  indicate  proper engine performance during t h e  entry.  
t o t a l  of 79.42 seconds of burn time and 499 pulses were accumulated on 
t h e  12 CM RCS engines, exclusive o f t h e  steady-state propel lant  depletion 
burn which l a s t e d  approximately 70 seconds. The CM RCS engine f i r i n g  
summary i s  shown i n  t a b l e  X I X .  

A 
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Thermal Control 

The CM RCS helium tank temperatures ranged between 54' and 74' F 
from launch through system ac t iva t ion ,  as shown i n  f igu re  15. The s i x  
instrumented CM RCS engine i n j e c t o r  temperatures, read by t h e  crew on 
t h e  onboard meter, remained approximately 50' F (upper l i m i t  of t h e  
meter) from launch through CM RCS ac t iva t ion .  Consequently, t h e  CM RCS 
valve warmup procedure, which w a s  t o  be used i f  any i n j e c t o r  f e l l  below 
28' F, w a s  not required. 

Propellant U t i l i z a t i o n  

A s  shown i n  f i gu re  20, a t o t a l  of 27.5 pounds of CM RCS propel lan t  
w a s  used p r io r  t o  t h e  propellant depletion burn (27 pounds from system 1 
and 0.5 pound from system 2 ) .  
t he  apparent negative propellant usage i s  due t o  the  thermal s t a b i l i z a -  
t i o n  of t he  system a f t e r  periods of high usage. 

Figure 20 i s  based on PVT ca lcu la t ions ;  

SPACECRAFT DEACTIVATION 

On March 1 6 ,  1969, at 0900 hours eas te rn  standard t ime, t h e  U.S.S. 

The 
Guadalcanal docked a t  p i e r  12 ,  Norfolk Naval A i r  S t a t ion .  The CM w a s  
off-loaded and loca ted  i n  hangar LP-2 at approximately 1030 hours. 
CM RCS f u e l  deactivation l a s t e d  from 1500 hours on March 16,  1969, t o  
0700.hours on March 18, 1969. Oxidizer deac t iva t ion  w a s  accomplished 
between 1700 hours on March 17 ,  1969, and 1900 hours on March 18, 1969. 

Although a s m a l l  amount of helium pressure remained, e s s e n t i a l l y  
no propellants were found i n  the  CM RCS during deactivation. 
purging, the sample of t h e  gaseous nitrogen purge f l u i d  ind ica ted  no 
de tec tab le  N 0 o r  MMH. 

were found i n  t h e  sample from t h e  oxid izer  s ide .  The samples from t h e  
f u e l  s ide  of systems 1 and 2 indicated 120 and 56 ppm of f lu sh  f l u i d  
(isopropyl a lcohol ) ,  respec t ive ly .  

After 

Less than 10 ppm of f l u s h  f l u i d  (Freon TF) 
2 4  

The pos t f l i gh t  examination revealed t h a t  t h e  CM RCS r e l i e f  valve 
bu r s t  d i scs  were not ruptured and t h e  p ro tec t ive  covers were s t i l l  
i n t a c t .  Also, a l l  engine, helium, f u e l ,  and oxid izer  panels appeared 
t o  be i n  good condition with no v i s i b l e  anomalies. 

The CM, aboard a C133 B a i r c r a f t ,  departed Norfolk Naval A i r  S t a t ion  
a t  0835 hours eas te rn  standard time on March 20, 1969, t o  North American 
Rockwell (NR), Downey, Cal i forn ia .  



13 

k 
a, 
c, 

B 
$ PI 

- 
m 
a, w 
- 

m 
a, * 

m 
a, 

$-r 

- 
m 
a, * 

rn 
a, w 

m 
a, 0 * w 

g 

0 2 w 

ii E 



14 

TABLE 11.- SERVICE MODULE RCS IKSTRUMENTATION LIST 

k u u r e m n t  
number 

SR500l.P 

SR5002P 

SRSWY 
SR500GP 

SA5013 

SR501kT 

SR5015T 

SR5016T 

SR50251 

SR50260 

~ ~ 5 0 2 7 ~  
SR502aO 

SR506ST 

SR5066T 
SR5067T 

SR5068T 

SR5129P 

SR5716P 
SR581lP 

SR5830P 

SR5131P 
SR578LP 

SR5822P 

SR5823P 

SR5133P 
SA5780P 

SR5820P 

SR582LP 

SR5OL6X 

SR504lX 
SR5048X 

SR5049X 

SR5050X 

SR5051X 

SR5052X 

SR5053X 

Pu- t e r  

Helium tank prersure .  quad A 

Helium tank prersure .  quad B 
Heliur tank pressure. quad C 

H e l i u m  tank prec.8ure. quad D 
Helium tank teqerature, quad A 

Helium tank te . ixrature .  quad B 
Helium tank temperature, qu.d C 

H e l i u m  tank t e q e r a t u r e .  quad D 

Propel lant  quant i ty ,  quad A 

Propel lant  quant i ty .  qu.d B 
Prope l lmt  quant i ty .  quad C 

Propel lant  quan t i ty ,  quad D 
Package t empra tu re .  quad A 

Packwe temperature. quad B 
Package temperature. quad C 

Packwe temperature. quad D 

H e l i u m  manifold pressure.  quad A 

H e l i u m  n n i f o l d  preisure .  quad B 
Helium w i f o l d  pressure. quad C 

H e l i u m  m i f o l d  pressure.  quad D 

Fuel w i f o l d  pressure.  quad A 

Fuel manifold pressure,  quad 6 

Fuel m i f o l d  pressure. quad C 

Fuel manifold p re s su r r ,  quad D 

Oxidizer w i f o l d  pressure. quad A 

Oxidirer m i f o l d  pressure,  quad 3 
Oxidizer manifold pressure. quad C 

Oxidizer manifold pressure.  quad D 

Sec prop iaob'valves posi t ion,  quad A 

Sec prop is0 valves posi t ion.  quad B 
Sec prop i a o  valves poai t ion.  quad C 

Sec prop i s o  valves posi t ion,  quad D 

P r i  prop isoC valves  posi t ion.  quad A 

P r i  prop is0 valve. posi t ion.  quad b 

P r i  prop i s o  valver pos i t i on ,  quad C 

P r i  prop is0 valves posi t ion.  quad D 

PIX+ 
PCW 
POU 
Pa* 
PIX+ 

PIX+ 
PIX+ 
PCW 

PCW 

PcI* 

PCW 
PCW 
PCU 

PCM 
PCM 

Po( 

PCW 

POU 

PCYI 

POH 

POU 

PCW 
Pcllr 

P& 
PCCH 

PCW 

P C W  
PCW 

.YO 

;I 0 

No 
No 
No 
No 
2 0  

8 0  

Cabin 
di8Pl.y 

Ye8 

Yea 

Yes 

Yea 

no 

No 
No 
Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

Yes 

No 
BO 

id 0 

No 
NO 

NO 

no 

LiO 

iio 

Yea 

Yea 

Yes 

Yea 

Yes 

Yes 

Yes 

Yes 

Re8pon8e, 
s IS  

1 
1 
1 
1 
10 
10 
10 

10 

1 

1 
1 

1 

1 
1 
1 

1 

10 

10 

10 
10 

10 
10 

10 

10 

10 

10 

10 

10 

1 

1 

1 
1 

1 
1 

1 

1 

Data range 

0 t o  5000 p8ia  

0 t o  50M) pi. 
0 t o  5000 pi. 
0 t o  5000 pa la  

0 t o  100' P 
0 t o  100' F 
0 t o  100' P 
0 t o  100' P 
0 t o  100 percent 

0 t o  100 percent 

0 t o  100 percent 

0 to 100 percent 

0 t o  300' F 

0 t o  300' F 

0 t o  300' F 

0 t o  300' P 
0 t o  400 p s i a  

0 t o  400 psi. 

0 t o  400 p s i a  

0 t o  400 p s i a  

0 t o  300 Fir 
0 t o  300 psi. 

0 t o  300 p8ia 

0 t o  300 psi. 
0 t o  3 0  p a i s  

0 t o  300 psi. 

0 t o  300 ps ia  

0 to MO p s i a  

Onloff event 

Onloff event 

Onloff event 

Onloff event 

Onloff evrnt  

Unloff event 

Woff  event 

On/off ;vent 

k u u r e u n t s  labeled PM are ava i l ab le  only during period8 of high-bit-rate da t a  t r a n a u s s i o n .  

bSecondary propel lant  is o l a t  i on. 

CPri-ry propel lant  i so l a t ion .  

k C . s u r e m t s  labeled '?OH 
me W r i l 6 b l e  during periods of hiah- o r  lw-b i t - r a t e  d a t a  t ruumimion .  

c 

c 
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TABLE V.- SERVICE MODULE RCS EVENT TIME LINE 

Event 

SM RCS ac t iva t ion  

Lift-off 

CSM/LM S-IVB separation command 

CSM/LM S-IVB docking 

CSM/LM e jec t ion  from S-IVB 

SPS-4 u l lage  burn 

SPS-5 u l lage  burn 

LM/CSM undocking 

W/CSM separation maneuver 

LM/CSM docking 

SPS-6 ullage burn 

SPS-7 u l lage  burn 

SPS-8 u l lage  burn (deo rb i t )  

CSM separation 

~- 

Time, 
g.e.t.  

-00:28:40 

00:00:00.7 
(16:00:00.7 G . m . t . 1  

2:41:16 tt 

3: 01: 59.3 

4:08:06 a 

28 :24 : 23.5 

54 : 26 : 01.5 

92 : 39: 36 

9 3 0 2  : 54 a, 

99 : 02 :26 

123 :24: 49.6 

169 : 38 : 42.4 

240:30:58.2 

240 : 36:03.8 

a Times not v e r i f i e d  by b i l eve l  data. 
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TABLE V I 1 . -  S E R V I C E  MODULE RCS ATTITUDE CONTROL PERFORMANCE - PART I 

Maneuver 

+X 

+Y 

-Y 

-Z 

+Pitch 

-Pitch 

. .  

Time , 
g.e . t .  

2: 56: 00 
28: 24: 22 
101: 26: 39 

101  : 27 : 25 
101:27:10 

101:28:10 

2: 55: 27 
2:55:43 

101 : 27 : 1 4  

101 : 28 : 10 

2: 56: 01 
1 0 1  : 27 : 35 
101:28:26 

2: 51: 58 
2: 53: 34 
2: 56: 46 

92: 41: 36 
92 i41 :  4 1  

101 : 27 : 42 

240: 32: 40 

2:53:34 
2:56:46 

92 : 4 1  : 45 
92: 4 1  : 47 
92: 41: 48 

101:26:28 
101  : 27 : 5 1  

101 : 26: 21  

101 : 29 : 12  

Spacecraft 
weight 
lb 

58 900 
32 500 
27 300 
27 300 
27 300 
27 300 

58 900 
58 900 
27 300 

27 300 

58 900 
27 300 
27 300 

58 900 
58 900 
58 900 
27 000 
27 000 
27 300 
27 300 
27 300 
24 900 

58 900 
58 900 
27 000 
27 000 
27 000 
27 300 
27 300 

Pi tch  
accelera- 

t i o n  

deg/sec 2 

-0.41 
-.31 
-.31 
-.27 

-.21 
-.26 
-.40 

1.17 
1 .21  
1.10 
1.62 
1.59 
1.76 
1.76 
1.81 
1.78 

-.83 
-.92 

-1.35 
-1.45 
-1.35 
-1.45 
-1.62 * 

Yaw 
ac celera-  

t i o n ,  

deg /s  ec 2 

0.20 
.30 

-.28 

.30 

-.42 
-.26 

.34 

.21 
17 

23 

R d l l  
accelera-  

t i o n ,  

deglsec 
2 

0.22 
.24 
.61 

-.46 
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TABLE VI1.- SERVICE MODULE RCS ATTITUDE CONTROL PERFORMANCE - PART I1 

~ 

Maneuver 

+Yaw 

-Yaw 

F R o l l  
2 engine 

-Roll 
2 engine 

-Roll 
4 engine 

-Roll 
4 engine 

Time , 
g.e . t .  

2: 53:31 
2:53:33 
2: 53:48 
2: 56: 44 

101: 26: 43 
101 : 29 : 10 

2: 53:18 
2:53:32 
2:53:49 
2: 55: 23 
2: 56: 44 

54 : 27 : 1 8  
101 : 26: 1 2  
123:25:12 
123 : 25: 16  
169:39:30 
240: 32: 40 

2: 53:34 
25 : 2 1  : 3 5 

2:53:34 
25 : 2 1  : 36 

2: 54:19 
240: 32: 40 

2:54:40 

Spacecraft  
weight, lb 

~~ 

58 900 
58 900 
58 900 
58 900 
27 300 
27 300 

58 900 
58 900 
58 900 
58 900 
58 900 

52 400 
27 300 
27 000 
27 000 
26 800 
24 900 

58 900 
32 500 

58 900 
32 500 

58 900 
24 900 

58 900 

Pi t ch  
acce lera  

t i o n ,  
2 deg / s e c 

-0.23 

Yaw 
acce lera  

t i o n ,  
2 deg /s e c 

0.87 
94 
97 
93 

1.75 
1.61 

-.97 
-.98 
- a 7 6  

-1.00 
-.97 

a -.29 
-1.75 
-1.64 
-1.70 
-1.76 
-2.36 

Rol l  
ac celera-  

deg/sec 

t i o n ,  
2 

2.52 
2.01 

-2.12 
-2.18 

5.59 
11.16 

-4.20 

%wing CSM/LM docked configuration. 
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Quad 

TABLE 1X.- S E R V I C E  MODULE RCS T C S  PARAMETERS 

Heater 
S/N 

206 
209 

219 
253 

200 
230 

191 
192 

Primary system 
~ 

Volts 

25.0 
25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

25.0 

Watts 
(a  1 

37.6 
37.5 

38.0 
38.1 

38.1 

38.0 
38.0 

38.0 

Quad 
t o t a l  
watts 

( a )  

75.1 

76.1 

76.1 

76.0 

Secondary system 

Volts 

25 .o 
25.0 

25.0 
25 .o 

25 .o 
25.0 

25.0 
25.0 

Watts 
(a)  

--- 

37.6 
37.8 

38.0 
38.1 

38.1 
38.1 

35 09 
35.6 

Juad 
t o t a l  
a a t  t s 

(a  1 

75.4 

76.1 

76.2 

71.5 

a Power based on heater  operation a t  25 V dc. 
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KSC F l i g h t  

122 119 

123 121 . 

125 123 

122 121 

TABLE X I . -  COMPARISON OF SM RCS TCS PRIMARY THERMOSTAT SWITCHING 

LIMITS DURING F L I G H T  W I T H  P R E F L I G H T  CKECKOUT DATA 

NR KSC 

143.5 138 

140 140 

144 141 

142 138 

I 
Off, 

O F  

F l i g h t  

136 

139 

141 

136 
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TABLE XV.- COMMAND MODULE RCS PROPELLANT AND HELIUM S E R V I C I N G  DATA 

P a r  m e t  e r 

Fuel tank load. lb . . . . . . .  
Fuel  loading temperature. OF . . 
Oxidizer tank  load. lb . . . . .  
Oxidizer loading temperature. OF 

Loaded O/F r a t i o  . . . . . . . .  
Tota l  propel lan t  load. lb . . .  
H e l i u m  se rv ice  pressure.  psia . 
Hel ium tank loading temperature . 

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  

. . . . . .  
OF . . . .  

System 1 

44.2 

69 

78.3 

70 

1-77 

122.5 

4125 

65 

System 2 

44.2 

69 

78.3 

70 

1-77 

122.5 

4069 

59 
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TABLE XV1.- COMMAND MODULE RCS EVENT TIME LINE 

Event 

CM RCS system ac t iva t ion  

CM-SM separat ion 

CM R C S  system 2 deact ivated 

CM RCS disabled 

CM HCS depletion burn 

Helium purge 

Propellant i s o l a t i o n  valves closed 

S t a r t  

239: 59 : 42.5 

240 : 36: 03.8 

240:36:18.3 

240:55:06.1 

240 : 56:26 

240 : 57 : 36 

240:58:17 
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Time, 
g.e. t .  Maneuver 

TABLE XVI1.- COMMAND MODULE RCS ATTITUDE CONTROL PERFORMANCE 

Control 
author it y 

Measured 
acce l ,  

2 deg/sec 

3.36 
4.02 
3.94 
4.46 
4.19 

-4.03 
-4.10 
-4.19 
-4.19 
-4.19 

Theoretical  
acce l ,  

deg/s ec 

4.52 
4.52 
4.52 
4.52 
4.52 

2 

-4.52 - 4.52 
-4.52 
-4.52 
-4.52 

+Roll 

. -Roll 

I 1 

240:47:38 1 engine 
240:48:46 1 engine 
240:49:10 1 engine 
240:51:55 1 engine 
240:52:50 1 engine 

240:47:22 1 engine 
240:48:33 1 engine 
240:49:18 1 engine 
240:51:45 1 engine 
240:53:01 1 engine 



32 

k 
a, 
-P 

i3 
k 
cd 
PI 

m o m 0  c o m c o m  ( u c u c u c u  

\ D c u ( u c o  
0 0 0  

+ I M M M  

d 
.rl 
rn 
PI 

d 
0 
.rl 
c, 

n 

; 
M 
a, 
k 

l 
.ti 
k 
PI 

cd 

PI 

d 
0 

v i  * 
cd 
d 

a, 
k 

.rf 
[I) 

n 

% 

!? 
cd a 
d 
0 
0 
a, cn 

d 
.rl 
rn 
PI 
n 

4 
5 

2 
0 
rl 

Ld a 
d 
0 u 
a, 
m 

[I) 
a, 
P 
d : 
k 
a, 
.rl 
d 
a, 
ffi 

P 
- 
v 

- 
(u 

3 
2 

rl 

$, 
rn 

2 
cu 

3 
2 
- 
d 

3 
2 
- 

% a J  
v z l  

k 
a, 
c, 

i3 
k 
cd 
PI 

a3 
M M  
r A M  

c u o  
L n f  
M M  

M c o  
L + M  
M M  

f t c  
r l c u  

M 
+I A 

w 
f 
M 

cd 
.rl 
rn 
PI 

a, 
k 

n 

2 
rn 
a, 
k 
PI 
bD 
c 

.rl 

cd 
k 
V 

-2 

cd 

P 

a, 
k 

[I) 
a, 
k 
P 
* 
cd 
a, 
VI 
a, 
E 

*rl 
[I) 

2 



33 

TABLE XIX.- COMMAND MODULE RCS E N G I N E  F I R I N G  SUMMARY 

System Engine 

+P 

-P 

+Y 

-Y 

+R 

-R 

+P 

-P 

+Y 

-Y 

+R 

-R 

System 1 t o t a l s  . . . 
System 2 t o t a l s  . . . 
Overall  t o t a l s  . . . 

No. 
pulses 

67 

110 

88 

44 

64 

120 

1 

2 

0 

3 

0 

0 

493 

6 

499 

Total  on 
t i m e ,  sec  

1.985 

10,900 

9.775 

6.900 

21.145 

28,440 

0.200 

0.030 

0.0 

0.045 

0.0 

0.0 

79.145 

0.275 

79.420 
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( a )  V i e w  looking a f t .  

Figure 3.- Location of SM RCS components within the  SM. 
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(b) View looking inboard, bay 5 (bay 2 similar). 

Figure 3. - Continued. 



38 

BEAM 3 I BEAM 6 / /  

SPS PROPELUNT STORAM TANK 

HELIUM PRESSURIZATION TANK 

SRM13T OUADA BAY 6 
SRM15T QUADC B A Y 3  - RCS PROPELUNT TANKS 

SA238l7 B A Y 6  
$An78 T BAY 3 

< SECONDARY FUEL T A M  

( c )  View looking inboard, bay 3 (bay 6 similar). 

Figure 3.- Continued. 
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. l l P l L  ..1-.1111*.. Ulnrn 
'11,,1.1111.... l l l r n  

(d) V i e w  looking normal t o  beam 3. 

Figure 3.- Concluded. 
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Figure 10.- Apollo 9 launch t r a j e c t o r y .  
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(b) Individual quad propellant consumption. 

Figure 11.- Concluded. 
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; Figure 12.-  Minus two-sigma SM RCS onboard propel lant  gaging 
meter correct ion nomogram. 
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Figure 18.- Command module helium tank  pressure 
during deplet ion burn and purge. 



- .  . ._ 

Figure 19.- Command module helium manifold pressure during 
depletion burn and purge. 
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Figure 22.- Propel lant  expended shouing i n a c t i v i t y  of quad C .  
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'- Microswitch 
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- Air gap 

- Permanent magnet 

,- Bel lows seal 

,.- Poppet 

_. - -  Seat 

fi.) Flow 

Figure 23.- Cross sec t ion  of RCS i s o l a t i o n  valve. 


